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CONTAINER ASSEMBLY AND METHOD FOR MAKING ASSEMBLY 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of United States Provisional Patent 
Application No. 60/444,404, filed February 3, 2003, which is hereby incorporated by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
[0002] The present invention relates to a container assembly and method of 
manufacture thereof. More particularly, the present invention is directed to a method 
of assembling a container having an inner tube contained within an outer tube. 

2. Description of Related Art 
[0003] Glass collection containers have historically been used for collection of body 
fluids such as blood and urine. For example, glass inherently provides excellent 
vacuum retention for evacuated tubes, as well as excellent moisture retention for 
collection tubes containing liquid additives. 

[0004] However, the medical industry has been transitioning from glass to plastic for 
a variety of reasons including the increased safety of a plastic tube, which tolerates 
impact stresses without breaking. Unfortunately, no single plastic material that is 
commercially acceptable from a cost and performance perspective exhibits the 
beneficial properties of glass. For example, plastic tubes tend to exhibit either good 
vacuum retention or good moisture retention, but no single plastic material exhibits 
both properties to a degree useful for evacuated collection tubes. 

[0005] Various solutions to this problem have been devised. These include, for 
example, the tube-in-tube configurations described in U.S. Patent Nos. 6,354,452 and 
5,871,700, and U.S. Patent Applications 09/933,653 and 10/114,542, the disclosures 
of which are hereby incorporated by reference. Such tube-in-tube configurations 
typically involve an inner tube positioned within an outer tube to form a container, 
with each of the tubes providing distinct properties to the container. More 
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particularly, one of the tubes may provide a water vapor barrier to the container, while 
the other tube may provide a gas barrier to the container, thereby effectively forming a 
container which has both gas barrier and water vapor barrier properties. 
[0006] For example, U.S. Patent No. 6,354,452 describes a container assembly that 
includes an inner tube formed from a plastic that is substantially inert to bodily fluids 
and an outer tube that is formed from a different plastic. Collectively, the container 
assembly is useful for providing an effective barrier against gas and water 
permeability in the assembly and for extending the shelf-life of the container 
assembly, especially when used for blood collection. However, such a close nesting 
arrangement of the containers may create difficulties in the assembly process. For 
example, insertion of one container into another container can create some inherent 
manufacturing difficulties, such as the force created and exerted by trapped air upon 
insertion of the inner container into the outer container. Other difficulties may include 
the techniques by which the tubes can be held together securely and avoidance of 
leakage from the inner tube into the space between the two tubes. 

[0007] Accordingly, a need exists for a method of assembling a container including 
an inner tube contained within an outer tube that eliminates the presence of a pressure 
gradient exerted by trapped air during the insertion of an inner container into an outer 
container. 

SUMMARY OF THE INVENTION 
[0008] The present invention provides a method of assembling a container including 
inserting an inner tube within an outer tube, with the use of a spacing element for 
venting of air between the two tubes to atmospheric pressure during insertion of the 
inner tube within the outer tube. The outer tube includes a closed bottom, an open top 
and a side wall extending therebetween, defining an inner surface and an outer 
surface. The inner tube also includes a closed bottom, an open top and a side wall 
having an inner and outer surface extending therebetween. A spacing element is 
provided adjacent the open top of the outer tube. The spacing element includes a 
central opening extending therethrough and at least one extending member extending 
within the open top of the outer tube. In the method of assembly, the inner tube is 
inserted within the outer tube, such that the spacing element extends between the inner 
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surface of the outer tube and the outer surface of the inner tube. As such, any air 
between the two tubes is vented to atmospheric pressure during insertion of the inner 
tube within the outer tube. 

[0009] More particularly, the inner tube may be inserted through the central opening 
of the spacing element, with the extending member of the spacing element trapped 
between the outer tube and the inner tube. When the inner tube is advanced within the 
outer tube, the extending member causes the wall of either the inner tube or the outer 
tube to at least partially deform to permit any air trapped between the two tubes to 
escape to atmospheric pressure. Accordingly, any pressure build-up between the two 
tubes can be effectively eliminated. Desirably, the inner tube is constructed of a 
material that is softer than the outer tube and the extending member of the spacing 
element is constructed of a material that is at least as hard as a material forming the 
outer tube, such that the softer inner tube will deform during insertion within the outer 
tube, based on the interference from the extending member between the outer tube and 
the inner tube. 

[0010] Desirably, at least a portion of the inner tube has an external diameter which 
is smaller than an internal diameter of the outer tube to form an annular gap 
therebetween. Also, the side wall of the inner tube is preferably shorter than the side 
wall of the outer tube, and is preferably flared outwardly adjacent the open top of the 
inner tube for sealing and supporting engagement with the side wall of the outer tube. 
[0011] The spacing element may further include a rim associated with the open top 
of the outer tube. In particularly desirable embodiments, the spacing element may 
include at least two extending members equally spaced on opposing sides of the 
spacing element, and may be air permeable. 

[0012] The present invention is also directed to a container assembly including an 
inner tube disposed within an outer tube with an annular gap therebetween. The 
annular gap extends between the inner surface of the outer tube and the outer surface 
of the inner tube, and is in equilibrium with atmospheric pressure at least at the time 
of assembly. In particular, the annular gap is vented to atmospheric pressure during 
assembly of the container, such as by imparting an interference engagement between 
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the inner tube and the outer tube adjacent the open top of the outer tube, desirably by 
providing a spacing element therebetween during assembly. 

[0013] The side wall of the inner tube is shorter than the side wall of the outer tube, 
and may be flared outwardly adjacent the open top of the inner tube for sealing and 
supporting engagement with the side wall of the outer tube. 

[0014] In a further embodiment, the present invention is directed to a spacer element 
for venting air between an inner tubular member inserted within an outer tubular 
member. The element includes a rim portion forming a central opening therethrough 
and adapted for placement at an open top of the outer tubular member. The spacer 
element further includes at least one depending portion which is adapted to extend 
between the inner tubular member and the outer tubular member during insertion of 
the inner tubular member through the central opening. The depending portion may be 
adapted for outward flexing upon force, and desirably includes at least two depending 
portions equally spaced about the rim. The spacer element is desirably in the form of 
a unitary ring-like structure having a bottom surface for resting on the open top of the 
outer tubular element, and a plurality of depending portions equally spaced about the 
rim. 

[0015] In yet a further embodiment, the present invention is directed to a method of 
assembling a container including an inner tube contained within an outer tube, and 
maintaining the inner tube within the outer tube. The outer tube includes a side wall 
having an inner surface with a recess, such as a circumferential groove, adjacent an 
open top thereof. The side wall of the inner tube is shorter than the side wall of the 
outer tube, and includes an outwardly flared portion adjacent the open top of the inner 
tube. During assembly, the inner tube is inserted within the open top of the outer tube 
to a position in which the outwardly flared portion of the inner tube extends below a 
top edge of the recess of the outer tube, thereby causing air trapped between the inner 
tube and the outer tube to pass through the recess and vent to atmospheric pressure. 
Preferably, the outwardly flared portion of the inner tube deforms below the top edge 
of the recess of the inner surface of the outer tube to cause air trapped between the 
inner tube and the outer tube to pass through the recess. The outwardly flared portion 
of the inner tube may then contact the top edge of the recess, thereby sealingly 
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supporting the inner tube within the outer tube. Desirably, the inner tube is biased 
against the top edge of the recess, such as through pressure contact between the 
bottom surfaces of the tubes. In one particular embodiment, the inner surface of the 
inner tube may further include a protrusion adjacent the recess, for causing the 
outwardly flared portion of the inner tube to deform when the outwardly flared portion 
of the inner tube extends below the top edge of the recess of the inner surface of the 
outer tube. 

[0016] In another embodiment of the present invention, a container assembly 
including an inner tube maintained within an outer tube is provided, in which the inner 
surface of the side wall of the outer tube includes a recess adjacent the open top 
thereof. The side wall of the inner tube includes an outwardly flared portion adjacent 
the open top of the inner tube and extends within the recess of the outer tube. The top 
of the outward flared portion of the inner tube is biased against a top edge of the 
recess of the outer tube to sealingly support the inner tube within the outer tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] FIG. 1 A is a side elevational view of a container assembly of the prior art; 
[0018] FIG. IB is a cross-sectional view taken along line B-B of the prior art 
container assembly of FIG. 1A; 

[0019] FIG. 1C is an exploded perspective view of the prior art container assembly 
of FIG. 1A; 

[0020] FIG. 2 is an exploded perspective view of one embodiment of the present 
invention depicting an outer tube, a spacing element, and an inner tube during 
assembly; 

[0021] FIG. 3 is a perspective view of the spacing element of FIG. 2 in accordance 
with the present invention; 

[0022] FIG. 4A is a cross-sectional view of the inner tube partially inserted in the 
outer tube during assembly; 

[0023] FIG. 4B is a cross-sectional view of the inner tube fully inserted in the outer 
tube during assembly; 
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[0024] FIG. 4C is a cross-sectional view of a container fully assembled in 
accordance with the method of the present invention; 

[0025] FIG. 5 is a cross-sectional view taken along line 5-5 of FIG. 4A, showing 
assembly in accordance with one embodiment of the present invention; 
[0026] FIG. 6 is a cross-sectional view of a container during assembly in accordance 
with another embodiment of the present invention; 

[0027] FIG. 7 is a perspective cross-sectional view of an outer tube having a 
recessed groove in accordance with a further embodiment of the present invention; 
[0028] FIG. 8A is a cross-sectional view of an inner tube partially inserted in the 
outer tube of FIG. 7 during assembly; 

[0029] FIG. 8B is a cross-sectional view of a container assembly having the side 
wall of an inner tube below the recess in the outer tube of FIG. 7 during assembly; 
[0030] FIG. 8C is a cross-sectional view indicating the air path when the side wall of 
the inner tube is below the recess of the outer tube of FIG. 7; 

[0031] FIG. 8D is a cross-sectional view of the inner tube after assembly with the 

side wall of the inner tube in contact with a top edge of the recess; 

[0032] FIG. 9 A is a perspective cross-sectional view of an outer tube having 

protrusions and a recess in accordance with a further embodiment of the present 

invention; 

[0033] FIG. 9B is a cross-sectional view of the outer tube of FIG. 9 A; and 

[0034] FIG. 10 is a cross-sectional view of a container assembly having a closure in 

accordance with another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0035] While this invention is satisfied by embodiments in many different forms, 
there is shown in the drawings and will herein be described in detail, the preferred 
embodiments of the invention, with the understanding that the present disclosure is to 
be considered as exemplary of the principles of the invention and is not intended to 
limit the invention to the embodiments illustrated. Various other modifications will 
be apparent to and readily made by those skilled in the art without departing from the 
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invention. The scope of the invention will be measured by the appended claims and 
their equivalents. 

[0036] FIGS. 1A, IB, and 1C are directed to a container assembly 100 of the prior 
art. The assembly 100 includes an outer tube 112, an inner tube 114 and a closure 
116. Outer tube 112 is unitarily formed and includes a generally spherical closed 
bottom wall 118, an open top 120 and a cylindrical side wall 122 extending 
therebetween, whereby side wall 122 slightly tapers from open top 120 to closed 
bottom wall 118. Inner tube 114 is unitarily formed and includes a generally spherical 
closed bottom wall 126, an open top 128, and a cylindrical side wall 130 extending 
therebetween, whereby side wall 130 slightly tapers from open top 128 to closed wall 
126. Side wall 130 includes an outwardly flared outer surface 136 adjacent open top 
128 of inner tube 114. A substantially cylindrical space 154 is defined between inner 
tube 114 and outer tube 112. Assembly 100 is assembled by slidably inserting inner 
tube 114 into open top 120 of outer tube 112. During such assembly, pressure may 
build up in the space 154 between the inner tube 114 and the outer tube 112. Such 
pressure can make assembly difficult, and can result in the inner tube 114 not being 
fully inserted within the outer tube 112, or being gradually forced out of the outer tube 
112 over time. 

[0037] The present invention is directed to a method of assembling a container 
having an inner tube contained within an outer tube which overcomes these problems. 
FIG. 2 illustrates a configuration utilized to assemble a container assembly 10 
according to a method of the present invention. The configuration includes an outer 
tube 12, an inner tube 14, and a spacing element 16. 

[0038] Outer tube 12 is unitarily formed from a first plastic material and is similar in 
construction to the prior art outer tube 12 described above, including a generally 
spherical closed bottom wall 18, an open top 20 and a cylindrical wall 22 extending 
therebetween. Side wall 22 may slightly taper from open top 20 to closed bottom wall 
18. Outer tube 12 defines a length "a" from the interior of the bottom wall 18 to the 
open top 20. Side wall 22 of outer tube 12 includes a generally cylindrical inner 
surface 24 with an inside diameter "b" and an outer surface 25. 
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[0039] Inner tube 14 is unitarily formed from a second plastic material and is similar 
in construction to the prior art inner tube 14 described above, including a generally 
spherical closed bottom wall 26, an open top 28 and a cylindrical side wall 30 
extending therebetween. Side wall 30 may slightly taper from open top 28 to closed 
bottom wall 26. Inner tube 14 defines an external length "c" that is desirably less than 
internal length "a" of outer tube 12. Side wall 30 of inner tube 14 includes a generally 
cylindrical section 32 extending from bottom wall 26 toward open top 28 of inner tube 
14, and includes an inner surface 39 and an outer surface 41. 

[0040] As illustrated in FIG. 4A, side wall 30 is further characterized by a 
circumferentially enlarged section 34 adjacent open top 28 forming an outwardly 
flared outer surface 36 adjacent cylindrical portion 32 of side wall 30 and a cylindrical 
outer surface 38 adjacent open top 28 of inner tube 14. Additionally, enlarged top 
section 34 of side wall 30 includes a conically flared inner surface 40 adjacent open 
top 28. 

[0041] Cylindrical portion 32 of side wall 30 of inner tube 14, defining the inner 
surface 39 of the inner tube 14, desirably has a diameter "d" that is less than inside 
diameter !l b" of side wall 22 on outer tube 12. In this manner, an annular gap 60 is 
established between the outer tube 12 and the inner tube 14. 

[0042] As noted, the outer tube 12 and the inner tube 14 are formed from plastic 
materials, and are desirably distinct plastic materials exhibiting different properties. 
Neither plastic material is required to meet all of the sealing requirements for the 
container. However, the respective plastic materials cooperate to ensure that the 
assembly achieves the necessary sealing, adequate shelf life and acceptable clinical 
performance. Preferably, one of the tubes may be formed from a material that exhibits 
acceptable gas vapor barrier characteristics, and the other of the containers may be 
formed from a material that provides a moisture barrier. The inner tube should also be 
formed from a material that has a proper clinical surface for the material being stored 
in the container assembly. Examples of particularly useful materials include 
polymeric materials such as polyethylene terephthalate, polypropylene, polystyrene, 
polycarbonate, and the like. In one preferred embodiment, outer tube 12 is formed 
from a polyethylene terephthalate, and inner tube 12 is formed from polypropylene. 
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Such an embodiment provides excellent gas and vapor barrier properties, and provides 
the inner tube 12 as a softer material than the outer tube 12, as will be discussed in 
more detail herein. 

[0043] FIG. 3 illustrates the spacer or spacing element 16 of the present invention. 
The spacing element 16 functions to allow air to vent out of the container assembly 10 
during assembly, such as by deforming one or both of the inner tube 14 or the outer 
tube 12 to form a gap. Additionally, the spacing element 16 functions to improve 
alignment of the inner tube 14 within the outer tube 12 during assembly. The spacing 
element 16 includes a central opening 50 and at least one extending member 52. The 
spacing element is preferably a unitary structure including a circumferential rim 54 
defining the central opening 50 therethrough. The central opening 50 has a diameter 
"f ' which is substantially equivalent to the outer diameter of the inner tube 14. The 
rim 54 of the spacing element 16 preferably rests on the open top 20 of the outer tube 
12, thereby aligning the central opening 50 with the open top 20 of the outer tube 12. 
During assembly, inner tube 14 is inserted into the outer tube 12 through the central 
opening 50. 

[0044] The spacing element 16 further includes at least one extending member 52 
having an inner surface 56 and an outer surface 58. Desirably, the spacing element 16 
includes a plurality of extending members 52 equally spaced along the rim 54 on 
opposing sides of the spacing element 16. The extending members 16 may be of any 
size and geometric shape, such as cylindrically-shaped, rod-shaped, or the like, so 
long as they are capable of establishing a mechanism for air trapped between outer 
tube 12 and inner tube 14 to vent to atmospheric pressure during insertion of inner 
tube 14 within outer tube 12, as will be discussed in more detail. It is contemplated 
that spacing element 16 may be provided in a variety of forms, so long as it provides 
structure for interference engagement during insertion of the inner tube 14 within the 
outer tube 12 to vent any air trapped therebetween to atmospheric pressure. For 
example, spacing element 16 may be provided as a flexible rigid string-like material, 
or may be provided as a plurality of rod-like structures tied together through a string 
to form the structure. 
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[0045] The spacing element 16 may be made of any rigid flexible material, and is 
desirably a unitary structure constructed of plastic material. Preferably, the material 
forming the spacing element 16, or at least the extending members 52 of the spacing 
element 16, be at least as hard as the material forming either the outer tube 12 or the 
inner tuber 14, or both. Alternatively, the extending members 52 of the spacing 
element 16 may be hollow or formed of an air preamble material to provide for 
venting. 

[0046] As indicated, the spacing element 16 provides a mechanism for venting any 
air trapped between the outer tube 12 and the inner tube 14 to atmospheric pressure 
during insertion of the inner tube 14 within the outer tube 12 by providing an 
interference engagement therebetween. During assembly, the spacing element 16, and 
in particular the extending members 52, are positioned or located between the inner 
surface 24 of the outer tube 12 and the outer surface 41 of the inner tube 14. Upon 
insertion of the inner tube 14 into the outer tube 12, the extending members 52 create 
an interference engagement between the inner tube 14 and the outer tube 12 at the 
point of contact therebetween, which provides for deformation of either the inner tube 
14 or the outer tube 12, thereby creating a uniform venting gap 61 to allow venting of 
air during assembly. 

[0047] FIGS. 4A-4C will be described in connection with assembly of the container 
in accordance with the present invention. FIG. 4A illustrates a cross-section of the 
container 10 during assembly. Assembly of the container 10 typically occurs by a 
press-fit technique, whereby the inner tube 14 is press-fit into the outer tube 12 along 
an assembly line, such as through the use of a press mechanism, air pressure, or other 
means for press-fitting an inner tube within an outer tube. Prior to inserting inner tube 
14 within outer tube 12, the spacing element 16 is in contact with the open end 20 of 
the outer tube 12, such that the outer surface 58 of the extending members 52 is in 
contact with the inner surface 24 of the outer tube 12. As shown in FIG. 4 A, during 
assembly, the inner tube 14 is inserted into the outer tube 12 through the central 
opening 50 of the spacing element 16. As the inner tube 14 is inserted through the 
central opening 50 of the spacing element 16, the outer surface of the inner tube 14 
makes contact with the inner surface 56 of the extending members 52. This contact 
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may cause extending members 52 to flex outwardly against the inner surface 24 of 
outer tube 12. 

[0048] Even in embodiments in which there is an annular gap 60 formed between 
the two tubes, the outer diameter of the inner tube 14 is substantially similar to the 
inner diameter of the outer tube 12. Accordingly, as the inner tube 14 is inserted into 
the outer tube 12, the spacing element 16 creates an interference engagement between 
the two tubes. The geometry and material structure of the spacing element and the 
two tubes causes deformation to occur based on this interference engagement. For 
example, in embodiments where the inner tube is softer than the outer tube and the 
spacing element 16 is constructed of a material which is at least as hard as the outer 
tube, the interference engagement will cause the side wall 22 of the inner tube 14 to 
deform in shape, as shown in FIG. 5. This creates a vent gap 61, which will permit 
venting of air from between the two tubes out through the top of the assembly 
adjacent the contact point of the two tubes to atmospheric pressure, thereby 
eliminating any build up of pressure. 

[0049] As the inner tube 14 continues to be inserted within the outer tube 12 as 
illustrated in FIG. 4B, at least a portion of the outer surface 41 of the inner tube 14 
may come into contact with at least a portion of the inner surface 24 of the outer tube 
12, such as the contact between the respective bottom surfaces 18 and 26. 
Additionally, at least a portion of the enlarged section 34 of the inner tube 14 adjacent 
the open top 28 of the inner tube 14 frictionally engages with the inner surface 56 of 
the extending members 52 of the spacing element 16. Upon contact of the extending 
members 52 of the spacing element 16 with the enlarged section 34 of the inner tube 
14, the enlarged section 34 of the inner tube 14 deforms further allowing venting of 
trapped air within the outer tube 12 to travel through the annular gap 60 towards the 
open top of the inner tube 14. Upon completion of the container assembly 10, the 
spacing element 16 is removed, thereby allowing cylindrical outer surface 38 of the 
inner tube 14 to sealingly and supportingly engage with the inner surface 24 of the 
outer tube 12, as shown in FIG. 4C. 

[0050] A container closure can further be provided on the open end of the container, 
such as an elastomeric stopper as in known in the art. Moreover, the container can be 
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evacuated using any evacuation techniques. The container assembled as such is 
particularly useful as an evacuated blood collection container for blood collection 
procedures, as are commonly known in the art. 

[0051] FIG. 6 illustrates a cross-sectional view of the container during assembly in a 
variation. In particular, FIG. 6 illustrates an alternative arrangement where the 
extending member 52 of the spacing element 16 is at least as hard as the inner tube 14, 
with the outer tube 12 made of a softer material. This arrangement causes the outer 
tube 12 to deform at the areas in contact with the outer surface 58 of the extending 
members 52, thereby creating an elliptical-like shape to form the venting gap 61. 
[0052] While the above-described specific embodiments of the present invention, 
other variations are contemplated. For example, the extending members 52 of the 
spacing element 16 may extend along the entire length of the container assembly 
during assembly to achieve greater venting. Additionally, while the method of 
assembling the container assembly 10 was described with the spacing element 16 
associated with the open top 20 of the outer tube 12, the container assembly 10 
alternatively may be assembled by having the spacing element 16 associated in 
frictional engagement with the outer surface 41 of the inner tube 14 prior to assembly. 
Therefore, the spacing element 16 comes into contact and rests on the open top 20 of 
outer tube 12 when inserting the inner tube 14 into the outer tube 12. It is also 
contemplated that, in automated assembly procedures involving a press mechanism 
for insertion of the inner tube 14 within the outer tube 12, the spacing element 16 can 
be automatically removed by frictional engagement with the press mechanism as it 
exits the inner tube 14. 

[0053] FIGS. 7-8D depict a further embodiment of the invention, which includes 
many components which are substantially identical to the components of FIGS. 2-6. 
Accordingly, similar components performing similar functions will be numbered 
identically to those components of FIGS. 2-6, except that a suffix "a" will be used to 
identify those similar components in the embodiments of FIGS. 7-8D, a suffix "b" 
will be used to identify those similar components in FIGS. 9A and 9B, and a suffix 
"c" will be used to identify those similar components in FIG. 10. 
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[0054] In the embodiment of FIGS. 7-8D, the outer tube 12a includes a bottom wall 
18a, an open top 20a, and a side wall 22a extending therebetween. The side wall 22a 
defines an inner surface 24a and an outer surface 25a. The inner surface 24a further 
includes a recessed area, such as groove or recess 70 adjacent the open top 20a of the 
outer tube 12a. While FIG. 7 illustrates the outer tube 12a having the recess 70 
extending circumferentially around the inner surface 24a of the outer tube 12a, it is 
contemplated that the recess 70 of the outer tube 12a may take other forms. For 
example, it may extend longitudinally to the open end 20a of the outer tube 12a. 
Additionally, the outer tube 12a may further include a longitudinal groove (not 
shown) extending between the recess 70 on the inner surface 24a of the outer tube 12a 
to the open end 20a of the outer tube 12a. Alternatively, the recess may encompass 
the interior surface of the outer tube and/or the exterior surface of the inner tube 
having an irregular surface texture, such as a roughened surface. In such an 
embodiment, such surface texture may provide a path for fluid flow out to the external 
environment, and/or may provide a mechanism for retaining the inner tube within the 
outer tube in a frictional engagement. Other variations as understood by one skilled in 
the art may also be utilized. 

[0055] The inner tube 14a includes the closed bottom 26a, an open top 28a, and a 
side wall 30a having an inner surface 24a and an outer surface 25a extending 
therebetween. The side wall 30a of the inner tube 14a is shorter than the side wall 
22a of the outer tube 12a. The side wall 30a of the inner tube 14a also includes the 
outwardly flared portion 36a adjacent the open top 28a of the inner tube 12a. 
[0056] FIGS. 8A, 8B, 8C and 8D further illustrate a method according to this 
embodiment of the present invention. During assembly, as illustrated in FIG. 8A, the 
inner tube 14a is provided within the outer tube 12a. The relative diameters of the 
outer tube 12a and the inner tube 14a establish a hoop stress on the outwardly flared 
portion 36a, thereby causing the outwardly flared portion 36a to become radially 
compressed. As shown in FIGS. 8B, the inner tube 14a is inserted within the open top 
20a of the outer tube 12a to a position in which the outwardly flared portion 36a of 
the inner tube 14a is forced to extend below a top edge 72 of the recess 70 of the inner 
surface 24a of the outer tube 12a. At this point, the nature of the construction of inner 
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tube 14a with outwardly flared portion 36a will cause the outwardly flared portion 
36a to relax or return to a normal uncompressed state, such that any hoop stress will 
be relieved and outwardly flared portion 36a will radially expand within recess 70. 
As the inner tube 14a is inserted to a position in which the respective bottoms of the 
tube contact, further insertion force against the inner tube will cause the inner tube 
14a to be biased, and will cause the side wall 22a of the inner tube to bend and/or 
deform with continued pressure exerted on the inserted inner tube 14a. 
[0057] To complete assembly of container assembly 10a, the insertion pressure 
exerted against inner tube 14a is released. The bias exerted between the bottom 
surfaces of the two tubes causes the inner tube 14a to be forced toward the open end 
of the outer tube 12a. The outwardly flared surface 36a is then trapped within recess 
70, and a portion of the outwardly flared surface 36a, such as the top edge of the inner 
tube 14a, is forced in abutting relation against the top edge 72 of recess 70. This 
abutting interference relationship prevents inner tube 14a from being removed or 
forced out of containment within outer tube 12a. Alternatively, the outer wall portion 
of outwardly flared surface 36a may be forced radially outwardly against the sidewall 
surface within recess 70 from the bias, thereby exerting an abutting interference force 
to maintain inner tube 14a in place. 

[0058] It is contemplated that the biasing force between the two tubes can be 
established, for example, through the build-up of air pressure between the two tubes, 
without the need for contact between the bottom surfaces. As such, the insertion force 
must be sufficient to overcome this build up of pressure to force the inner tube to a 
location at which the outwardly flared portion 36a extends within the recess 70, and 
can thereafter be released, permitting the built-up pressure between the two tubes to 
bias the inner tube 14a upwardly toward the open end of outer tube 12a, forcing 
abutting engagement against top edge 72 of recess 70. 

[0059] Alternatively, any pressure build-up between the two tubes can be vented or 
released during assembly. For example, as illustrated by the arrows in FIG. 8C, the 
bias between the two tubes can deform the inner tube 14a. The bending and/or 
deformation moves the top end of the inner tube 14a adjacent outwardly flared surface 
36a out of contact with the inner surface of the outer tube 12a, establishing a path for 
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air trapped between the two tubes to flow up towards the open top 20a of the outer 
tube 12a and escape through the recess 70 and vent to atmospheric pressure. As such, 
any air build up or trapped between the two tubes can vent through the air channel 
established by eliminating the contact between the inner tube and the inner surface of 
the outer tube, and continue venting up through the recess and out to ambient air. The 
bias of the contact between the two tubes can then force the inner tube 14a toward the 
open end of the outer tube 12a, with the outwardly flared surface 36a of the inner tube 
14a contacting the top edge 72 of the recess 70, thereby sealingly supporting the inner 
tube 14a within the outer tube 12a. At this point, any pressure gradient present 
between the inner tube 14a and the outer tube 12a is equilibriated to atmospheric 
conditions. 

[0060] Alternatively, the biasing mechanism could be a structural element of one of 
the inner tube 14a or outer tube 12a, or may be a distinct separate element. For 
example, the bottom of the outer tube 12a could have a convex feature that is able to 
move slightly downward in response to pressure from the inner tube 14a, but remain 
biased in the upward direction. An arch-shaped member that would act similarly 
could be placed into the bottom of the outer tube 12 a prior to insertion of the inner 
tube 14a. Or, a substantially immovable feature could be placed or molded into the 
bottom of the outer tube 12a, with the bottom of the inner tube 14a made to deform 
slightly upon contact with the immovable feature, but to bias upwards upon removal 
of the insertion force. Further, as indicated above, it is contemplated that no biasing 
force will be required if sufficient trapped air remains to force the inner tube, 14a up 
against the groove with sufficient force. . 

[0061] It is also possible to include only a vertical groove at only a top portion of the 
outer tube 12a. Upon insertion of an inner tube 14a with a flared out top region, the 
vertical groove will provide a path for air to escape from the annular gap region. The 
length of the groove is designed such that at least a portion of the flared region 36a of 
the inner tube 14a will move past the bottom of the groove upon assembly, to thereby 
provide a 360° circumferential seal. 

[0062] A variation on the embodiment of FIGS. 7-8D is illustrated in FIGS. 9A and 
9B. FIG. 9 A illustrates an outer tube 12b having at least one protrusion 80 adjacent 
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the recess 70b. Preferably the outer tube 12b includes a plurality of protrusions 80 
equally spaced about the circumference of the inner surface outer tube 12b adjacent 
the recess 70b. The protrusions 80 extends radially inwardly, thereby contacting the 
side wall 30b of the inner tube 14b as illustrated in Fig. 9B. Upon contact, the 
protrusions 80 cause at least a portion of the side wall 30b of the inner tube 14b to 
deform outwardly, creating the annular 60b in between protrusions 80. The 
protrusions 80 may be any shape or size so long as it is made of a material harder than 
the inner tube 14b. 

[0063] FIG. 10 illustrates another embodiment of the present invention. In this 
embodiment, it is possible to size the tubes 12c, 14c such that the annular gap 60c 
exists between the outer tubes 12c and the inner tubes 14c over the entire length of the 
container assembly 10c, as opposed to providing the inner tube 14c with a press-fit 
region as discussed above. In this embodiment protrusions 80 are provided between 
the tubes at one or more circumferentially and longitudinally spaced locations, to 
center the inner tube 14c within the outer tube 12c. The protrusions 80 may be 
designed to slightly deform upon insertion of the inner tube 14c, such that the inner 
tube 14c and outer tube 12c are securely assembled, and the inner tube 14c cannot 
move or fall out. The protrusions 80 typically would not extend the entire length nor 
the entire circumference of the assembly. 

[0064] The tubes are further secured, and spaced, by use of a unique closure, the 
closure being of one or more components. The closure has a conventional stopper 84 
that extends over and into the interior of the inner tube 14c, and the closure further 
contains a ring 86 that extends into the annular gap 60c. The ring 86 assists in 
securing the assembly, and also provides a seal against leakage of collected fluid into 
the annular gap 60c between the tubes. The stopper 84 is typically of a conventional 
stopper material such as rubber. The ring 86 may be of the same material as the 
stopper 84, but should be rigid and tough in nature to withstand forces applied during 
insertion of the ring 86 into the annular gap 60c. The remainder of the closure, if two 
piece, is likely a rigid plastic that fits snugly over the stopper. 
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[0065] While the present invention has been described in terms of specific 
embodiments, it is further contemplated that the assembly and the method of 
manufacturing thereof can be used with other applications. 
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